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We examine birth-cohort trends behind recent changes in the prevalence of functional disability in the
older population living in private households in the United Kingdom (UK). By using three different socio-
economic indicators available in the nationally representative cross-sectional data on older individuals
interviewed between 2002 and 2012 in the Family Resource Survey (FRS) (96,733 respondents), we
investigate the extent to which the overall trends have been more favourable among more advantaged
than disadvantaged socioeconomic groups.
Compared to the cohort of people born in 1924, successive cohorts of older men have lower odds of
having at least one functional difﬁculty (FD), whereas no signiﬁcant trend was found for women. Among
people with at least one FD, however, the number of disabilities increases for each successive cohort of
older women (incidence rate ratio 1.027, 95% conﬁdence interval 1.023 to 1.031, P < 0.001) and men
(incidence rate ratio 1.028, 95% conﬁdence interval 1.024 to 1.033, P < 0.001). By allowing interactions
between birth cohort and SES indicators, a signiﬁcant increasing cohort trend in the number of reported
FDs was found among older men and women at lower SES, whereas an almost stable pattern was
observed at high SES. Our results suggest that the overall slightly increasing birth-cohort trend in
functional difﬁculties observed among current cohorts of older people in the UK hides underlying in-
creases among low SES individuals and a relative small reduction among high SES individuals. Further
studies are needed to understand the causes of such trends and to propose appropriate interventions.
However, if the SES differentials in trends in FDs observed in the past continue, this could have important
implications for the future costs of the public system of care and support for people with care needs.
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).1. Introduction
Increasing life expectancy and the ageing of the baby-boomer
generation mean that the size of the over-65 population is pro-
jected to rise signiﬁcantly in many developed countries. Older
people are heavy users of care services (Colombo et al., 2011;
Karlsson et al., 2006) and the increase in their number is likely to
affect the future sustainability of public programmes of care and
support (Comas-Herrera et al., 2010; Gleckman and Fund, 2010;
Ofﬁce for Budget Responsibility, 2013; Wittenberg et al., 2011).
Although the size of the older population inﬂuences future social
care costs, it is the difﬁculties in undertaking basic activities forno).
r Ltd. This is an open access articleself-care that are themajor drivers of the need for support. A crucial
question for researchers and policymakers is therefore whether
projected gains in longevity will be accompanied by an expansion
or a contraction in disability-free life expectancy and hence in the
number of disabled older people and the demand for care services
(Crimmins, 2004; Martin et al., 2010; Robine et al., 2003).
The concept of disability is complex and there is no single
agreed deﬁnition which suits all purposes (Altman, 2001; Lawton
and Lawrence, 1994; Murray and Chen, 1992; WHO, 2002). The
presence of difﬁculties in performing everyday activities is often
used to operationalise the concept of disability where the purpose
is to determine the need for care services. In the US, a substantial
decline among older people with such disability was documented
from the mid-1980s to the late 1990s (Freedman et al., 2004),
despite evidence of increases in chronic conditions (Freedman andunder the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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plays a declining trend in disability, the overall trend for those aged
65e84 was ﬂat during 2000e2008, with a modest increase in rates
of disability for the new cohorts approaching later life (Freedman
et al., 2013; Martin et al., 2010). There are several reasons why
disability may differ across successive cohorts, controlling for age
and other relevant characteristics. Advances in medicine, technol-
ogy and access to public health programmes, increased safety at
work and a lower proportion of the workforce in manual jobs could
reduce disability, whereas increasing exposure to risk factors such
as obesity might increase it (Martin et al., 2010; WHO, 2011). The
observed prevalence of disability can also increase if the life-
expectancy of successive cohorts of people disabled earlier in life
increases, even if the age of onset of disability is stable (Crimmins
et al., 2009; Jarvis and Tinker, 1999).
Disparities in health and disability among older people have
been widely documented in relation to various measures of socio-
economic status (SES) (for reviews see Feinstein, 1993; WHO,
2014). Where the objective is to draw conclusions for policy
aimed at reducing SES-related inequities, the choice of SESmeasure
may be crucial (Deaton, 2002). A widely used indicator of SES in
assessing trends in disability and SES inequalities is educational
attainment (Martin et al., 2012; Schoeni et al., 2006; Sulander et al.,
2006; Zaninotto et al., 2010). A causal relation with disability is
hypothesised in which more-educated people adopt better life-
styles and health behaviours (Grundy and Holt, 2001), which are
not observed in most nationally representative surveys (Freedman
and Martin, 1999). Since individuals' education levels typically
change little after a certain age, education is well suited for pro-
jection purposes (Mazzaferro et al., 2012) and is linked with many
life-course determinants of later life SES such as occupation, in-
come and wealth accumulation (Duncan, 1961). However, the dis-
tribution of educational attainment among today's older people is
likely to be highly skewed since the majority left school at the
minimum permitted age (Martelin, 1994). Educational attainment
may therefore discriminate only between the most advantaged and
the rest of the older population. There are also reasons to supple-
ment educational attainment with measures which capture a more
“materialistic” theoretical pathway (Alwan et al., 2007; Grundy and
Holt, 2001) in which older people's disability depends on their
economic circumstances measured by indicators such as income
and wealth. In developed countries like the UK, public assistance to
disabled people is partly determined by their income and wealth.
Therefore, the ﬁnancial circumstance of disabled people is a
determinant of future public social care costs.
Moreover the current ﬁnancial circumstances of older people
generally reﬂect lifetime access to economic resources and are
more important correlates of physical disability than position in
earlier adulthood (education, occupation or social class (Costa-Font,
2008; Gjonca et al., 2009; Knesebeck et al., 2003)). However, in-
dicators of current ﬁnancial circumstances are relatively limited in
health surveys, difﬁcult to collect and may be inﬂuenced by, as well
as inﬂuencing, health or disability (Adda et al., 2003; Goldman,
2001; Grundy and Holt, 2001; Smith and Kington, 1997). To date,
only two studies have used income to document trends in disability
or health, both with repeated cross-sectional data. A US study
(Schoeni et al., 2005) found that, during the 1990s, those who
beneﬁtedmost from reductions in disability were individuals in the
highest quintile of the income distribution whereas no improve-
ments were found for those who belonged to the lowest quintile. In
Europe (Kunst et al., 2005), the relationship between self-rated
health and SES measured by educational attainment by cohort of
birth was almost stable in the 1980s and 1990s. However, when
household equivalent income was used as the measure of SES, in-
equalities in self-rated health increased.Our study examines birth-cohort trends in functional difﬁculties
(FDs) among older people in the UK, assessed from self-reported
difﬁculties in eight domains of FD, using a repeated large-scale
population survey over a 10 year period. By exploiting the range
of SES indicators in the data (measures of educational attainment,
income components, and home-ownership), we can quantify the
relative strength of the association of each with functional
disability and investigate whether the overall trends observed
among women and men born between 1924 and 1945 have fav-
oured more advantaged socioeconomic groups. We aim to assess
whether there are cohort trends differing by SES, whichwould have
implication for future social care costs.
2. Methodology
2.1. Study population
We used pooled annual samples from the UK Family Resource
Survey (FRS) covering 2002/3 to 2011/12. The FRS is a large-cross
sectional survey, sponsored by the Department for Work and
Pensions (DWP) and used to derive ofﬁcial statistics on income,
poverty and welfare and disability programme targeting
(Department for Work and Pensions, 2013; Kasparova et al., 2007).
Each cross-section survey uses the Postcode Address File (PAF) as a
sampling frame, and data are collected mainly by face-to-face in-
terviews, performed by trained interviewers, from a large repre-
sentative sample of individuals (on average about 45 thousand
individuals aged 16þ per year) living in private households in the
UK. The FRS has an overall response rate of around 60 percent
(Department for Work and Pensions, various years) and data were
adjusted for possible differential non-response using weights
constructed by DWP. Analysis was conducted for respondents aged
over 65 and born before 1945. To protect conﬁdentiality, age was
top-coded at the age of 80, necessitating exclusion of those born
before 1924. After deleting a few cases with relevant information
missing, a sample of 96,733 was selected. We split the analysis by
gender and control for within-UK country of residence.
2.2. Functional disability
FRS respondents were asked the following question: ‘Do you
have any long-standing illness, disability or inﬁrmity? By 'long-
standing' I mean anything that has troubled you over a period of at
least 12 months or that is likely to affect you over a period of at least 12
months’. Those who answered ‘yes’ were then asked if ‘these health
problem(s) or disability(ies) mean that you have substantial difﬁ-
culties with any of these areas of your life’: mobility (moving about);
lifting, carrying or moving objects; manual dexterity (using your
hands to carry out everyday tasks); continence (bladder and bowel
control); memory or ability to concentrate, learn or understand;
recognising when you are in physical danger; physical co-
ordination (e.g.: balance); other health problem or disability. We
deﬁned respondents as disabled if they reported functional difﬁ-
culty (FD) in at least one domain of life due to long-standing illness,
disability or inﬁrmity, and as not disabled if they reported no FDs or
did not report having a long-standing illness, disability or inﬁrmity
(LSI). The number of reported FDs was used as an index of the
severity of disability among those deﬁned as disabled.
The use of a screen to precede a disability question raises the
possibility of misclassifying some people with FDs who do not see
themselves as having a ‘condition’. There is evidence on this from a
randomized experiment in the Understanding Society survey (Al-
Baghal, 2014; J€ackle and Pudney, 2015), where the screening
questionwas found to reduce measured disability prevalence by up
to 20% (6 percentage points) in the whole adult sample. However,
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reported any FDs, on average reported fewer than half the number
of FDs than those who answered ‘yes’ to the screen (1.27 compared
to 2.69). Thus the design of the FRS instrument is less sensitive to
mild disability than instruments with no screening question.
Whether this represents a ‘bias’ is arguable, but it should be borne
in mind when interpreting our results.
2.3. Covariates
The sample was divided into birth-cohorts, with some cohorts
observed for longer than others because of the age restriction.
Table 1 presents a Lexis diagram for the observed 21 birth-cohorts
by age and year of the interview. To identify age and cohort effects,
we make the usual assumption that they are dominant and that
period effects come primarily from transient events occurring
randomly through time; such events would be absorbed in the
residual term in statistical models, allowing cohort and age effects
to be isolated. If period effects actually have a trend for some
reason, it would be necessary to reinterpret our estimates of the
cohort trend as a composite of the cohort and period effects (but
note there would be no distortion of the SES gradient if any period
effects are uniform across SES groups).
As indicators of SES, we used level of education (compulsory
education versus post-compulsory education), home ownership
and household income. It is not straightforward to deﬁne an
appropriate measure of income to capture SES in relation to
disability. There are two forms of ‘endogeneity’ to be considered.
The individual's history of economic opportunity and behaviour
may have jointly inﬂuenced later-life health and income. This
cannot plausibly be addressed in a sequence of cross-sections (or
with any other observational data except under strong assump-
tions). In this study, we are interested in documenting the evolu-
tion of disability in relation to social position rather than searching
for an (arguably unattainable) causal model of that relationship,
which e in any case e is irrelevant for the design of public policies
to support those with care needs. If the number of low-income
people becoming disabled is projected to rise, that has important
policy implications, whatever the underlying joint cause of low-
income and disability.Table 1
Lexis diagram of the observed Cohorts by age and year of the interview.
Cohort of birth Age










1933 2002 2003 2004
1934 2002 2003 2004 2005
1935 2002 2003 2004 2005 2006
1936 2002 2003 2004 2005 2006 2007
1937 2002 2003 2004 2005 2006 2007 2008
1938 2003 2004 2005 2006 2007 2008 2009
1939 2004 2005 2006 2007 2008 2009 2010
1940 2005 2006 2007 2008 2009 2010 2011
1941 2006 2007 2008 2009 2010 2011 2012
1942 2007 2008 2009 2010 2011 2012
1943 2008 2009 2010 2011 2012
1944 2009 2010 2011 2012
1945 2010 2011 2012
Source: Data on 65þ respondents born between 1924 and 1945, interviewed in the FRSThe second link between current income and disability is a
direct institutional link. In the UK, anyone with sufﬁciently severe
disability qualiﬁes for a non-means-tested income supplement by
virtue of that disability alone. That component of income has little
connection with pre-disability income or social position and little
value as an indicator of SES. Hancock et al. (2015) and Hancock and
Pudney (2014) point out the misleading conclusions that can result
from including disability-triggered beneﬁt in the income variable
used to classify individuals without also subtracting the extra costs
of disability that it is designed to offset.
Consequently we exclude cash beneﬁts paid by the state to
offset the extra costs of disability, and our income variable was
constructed as the sum of wages and salaries, self-employment
income, public pensions, non-disability social security income
and capital income (interest, rent, dividends, private pensions and
annuities), net of income tax. Note that pensions and income from
capital represent returns on assets accumulated over the lifecycle
and are consequently good indicators of past access to resources
with an expected cumulative positive inﬂuence on health, as is
home ownership (Morciano et al., 2014).
Income is aggregated across householdmembers and divided by
the square root of household size. This equivalization method is
widely used (Burniaux et al., 1998; OECD, 2011). Since most
households in our analysis consist of one or two adults, other
conventional scales, such as the OECD modiﬁed equivalence scale
(OECD, 2011), would not yield substantially different results.
2.4. Statistical analysis
When the data are in count form, the Poisson regression model
and its extensions are more appropriate than standard regression
analysis (Zaninotto and Falaschetti, 2011). We estimated Zero-
Inﬂated Negative Binomial (ZINB) models (using STATA 13/MP) to
allow for the high incidence of zeros (individuals without FDs) and
high variance of the outcome variable (see Fig. 1) which invalidates
standard Poisson regression (Lambert, 1992; Mullahy, 1986). The
ZINB speciﬁcation is a mixture model; it uses a logistic mechanism
to distinguish two unobservable subpopulations in the sample: a
group who have no disability and thus never report any FD; and
another group with some degree of disability who may (but may72 73 74 75 76 77 78 79 80þ
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Fig. 1. Distribution of the number of reported FDs in the sample.
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count can occur in one of two ways e as an accurate report by a
non-disabled person, or as a response by a person with some
disability who feels at the time of interview that the consequent
difﬁculties are not sufﬁciently serious to justify reporting. The two
components of the ZINB model are: (i) the binary logistic mecha-
nism to distinguish the (potential) disability-reporters and (ii) a
negative binomial regression model for the count of FDs actually
reported by the latter group. The “overdispersion” of the negative
binomial component can be rationalised formally as the effect of
unobserved individual heterogeneity with a gamma distribution
(Cameron and Trivedi, 2010).
The income distribution is approximately lognormal, so we
follow common practice and use income in log transformed form.
To simplify exposition of results, the birth-cohort indicator is set to
1 for the ﬁrst birth cohort in our sample (the 1924 cohort) and
increased by 1 for each successive cohort. In the baseline model
(model A), birth cohort was entered linearly to assess the presence
of birth-cohort shifts. We checked for the presence of SES-speciﬁc
paths by birth cohort by introducing terms for interactions be-
tween birth cohort and each SES indicator (model B). Finally, pre-
dicted probabilities from model B were used to inspect graphically
birth-cohort trends according to SES.
3. Results
3.1. Descriptive statistics
Table 2 shows the main characteristics of the study population
disaggregated by gender. Gender differences were almost all sig-
niﬁcant at the 1% level. Despite their marginally lower prevalence
of LSI, women reported higher FD prevalence and severity than
men (p < 0.001). They also reported higher prevalence of the four
most common types of FD (mobility, lifting, dexterity and co-
ordination), while three less common types (incontinence,
communication and memory) were reported a little more
frequently by men. There was no statistically signiﬁcant gender
difference in the least common FD: the inability to recognize
physical danger.
The sample median age was 73 (men) and 74 (women). Mean
household income (expressed in 2012 prices) was £367 per week
(men) and £321 (women). The majority of respondents were
homeowners (80% men; 76% women), most had a post-compulsory
school qualiﬁcation (67% men; 65% women), and most were resi-
dent in England (84%).Table 3 shows signiﬁcant socio-economic differentials in the
prevalence of FDs (p < 0.001). The proportions reporting at least
one FD, four or more FDs and the average number of reported FDs
amongst those with at least one FD, were all higher among people
without post-compulsory education, non homeowners and those
in the poorest quartile of the income distribution.
Table 4 reports the prevalence and severity of FD, and means of
the SES variables by birth-cohort and age group. For each age group,
apart from 80þ, disability was slightly less prevalent in successive
birth cohorts but, among those reporting disability, its severity
increased signiﬁcantly for successive cohorts in all age groups.
Successive birth cohorts displayed signiﬁcant improvements in SES,
mainly in the percentage of individuals with post-compulsory
education.
3.2. Regression results
Gender-speciﬁc models were estimated to allow for differences
in the reporting of FDs (Crimmins et al., 2011; Oksuzyan et al., 2010;
Zaninotto et al., 2010). Table 5 reports the two parts of the ZINB
model for each covariate as: (i) the odds ratio for the existence of
disability; and (ii) a measure known as the incidence rate-ratio
(IRR) which gives the proportionate impact of a 1-unit increase in
the covariate on severity, conditional on being in the potentially
disabled group. For both measures, a value greater that one in-
dicates that the covariate has a positive effect on the expected
number of FDs, holding other covariates constant. Note that the
overdispersion of FDs is statistically signiﬁcant at the 1% level,
justifying the use of the more complex ZINB model rather than
Poisson regression.
In model A, prevalence increases signiﬁcantly with age
(p < 0.001), as does the severity of disability (IRRs 1.046 for men
and 1.040 for women, p-values<0.001). Contrasting model Awith a
simpler age and birth cohort model (not shown), the addition of
SES covariates reduces the signiﬁcance and magnitude of the birth-
cohort coefﬁcient. There is clear evidence of a negative gradient of
disability prevalence and severity with all three SES indicators
(p < 0.001), with the single exception that severity of disability is
not statistically associated with income.
There is some geographical variation within the UK; compared
to residents of England, people in Wales were more likely to report
disability (p < 0.001), and severity was also higher for women in
Northern Ireland. We found no signiﬁcant difference between En-
gland and Scotland in terms of prevalence or severity.
Birth cohort effects are our main focus. The results for model A
suggest that being born one year later is associatedwith a reduction
in the probability of disability for men (odds ratio 0.972, p-
value<0.001), with no signiﬁcant trend for women. However, sig-
niﬁcant positive birth-cohort trends in severity were found for both
women andmen (IRRs 1.027 and 1.028, p-values<0.001), indicating
that, while the prevalence of functional disability may be lower in
successive birth cohorts, its severity is increasing signiﬁcantly.
Model A gives an unduly simple picture of disability trends. We
tested for the presence of SES-related birth-cohort trends, by
adding interactions between birth cohort and each of the SES in-
dicators (model B). This model ﬁts the data very much better
(likelihood ratio tests: p-value<0.001 for male and female samples)
and indicates signiﬁcant birth-cohort trends which differ sub-
stantially by SES, particularly as measured by income.
3.3. Illustrative model predictions
To aid the interpretation of model B, we compare its implica-
tions for three hypothetical groups of men and women aged 73
and living in England: at the 25th (low SES), 50th (median SES) and
Table 2
Functional Difﬁculties (FDs) and selected socio-economic indicators in the pooled sample of FRS.
Men Women Difference
Mean Standard error Mean Standard error
Presence of a long standing illness, disability or inﬁrmity 61.4% 0.487 60.9% 0.488 0.0106***
Presence of individual FD (as proportion of total sample)
Mobility 31.2% 0.463 35.7% 0.479 0.034***
Lifting 28.3% 0.450 33.0% 0.470 0.036***
Dexterity 10.9% 0.311 14.6% 0.353 0.034***
Co-ordination 9.9% 0.299 11.5% 0.319 0.011***
Communication 9.8% 0.297 8.8% 0.283 0.014***
Incontinence 8.4% 0.277 7.5% 0.263 0.011***
Memory 7.8% 0.268 7.0% 0.255 0.011***
Recognize when in danger 1.6% 0.126 1.9% 0.137 0.001
No FDs reported 56.7% 0.495 53.9% 0.499 0.019***
1 or more FDs reported 43.3% 0.495 46.1% 0.499 0.019***
4 or more FDs reported 9.4% 0.292 10.8% 0.310 0.008***
Number of FDs (among disabled) 2.49 1.516 2.60 1.516 0.073***
Median age of adult last birthdaya 73 5.114 74 5.246 1***
Equivalised pre-disability beneﬁt household income (£ pw, 2012 prices)b 366.72 322.57 321.18 272.07 41.122***
Post-compulsory school 67.9% 0.467 65.0% 0.477 0.008**
Home ownership 79.9% 0.401 75.7% 0.429 0.04***
England 83.9% 0.368 83.3% 0.373 0.014***
Wales 5.5% 0.227 5.4% 0.225 0.002
Scotland 8.2% 0.275 8.8% 0.283 0.013***
Northern Ireland 2.4% 0.154 2.5% 0.157 0.003*
Source: Weighted data on 65þ respondents born between 1924 and 1945, interviewed in the FRS survey from 2002/3e2011/12. Unweighted sample size: 52,229 women and
44,504 men.
Level of signiﬁcance: *p < 0.05, **p < 0.01, ***p < 0.001.
a Notes: To protect conﬁdentiality, FRS data were released with a top-coding at the age of 80. Therefore, we reported median rather than mean values. Consequently, a
Pearson chi-squared test of the equality of the medians of the difference between men and women was performed.
b For deﬁnition of household income see text.
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Both median and high SES individuals have post-compulsory ed-
ucation and are homeowners. The low SES individuals have only
compulsory education and are not homeowners. These simula-
tions take account of both the prevalence and severity parts of the
ZINB model and capture the overall SES-speciﬁc trends in the
predicted number of FDs across birth cohorts. For the low SES
male and female groups, the trend in the predicted number of FDs
across birth cohort is steeply rising. For the median SES male and
female groups there is only a slight upward trend while, for the
high SES groups, the trend is ﬂat for women and slightly down-
ward for men.
4. Discussion
Our aim is to investigate birth-cohort trends in self-reported
functional difﬁculties among older adults, as observed in 10 yearsTable 3
Prevalence and severity of disability by SES.
SES indicator Reporting at least 1 FD Report
Education
Compulsory education 56.3% 14.6%
Post-compulsory education 39.0% 8.0%
Home ownership
Non-home owner 59.5% 15.3%
Home owner 40.6% 8.7%
Quantiles of pre-disability incomea
The poorest 25% 49.2% 11.0%
The richest 25% 32.4% 6.8%
Overall 44.9% 10.2%
Source: Weighted data on 65þ respondents born between 1924 and 1945, interviewed in
44,504 men.
Notes: Differences between groups were all statistically signiﬁcant at 1% level.
a For deﬁnition of household income see text.(2002e2012) of a large household-population survey, representa-
tive of the UK population of non-institutionalised people. Overall,
we found no evidence of birth-cohort trends in the prevalence of FD
among women born between 1924 and 1945 but a signiﬁcant
falling trend among men. For those with disability, we found sig-
niﬁcant evidence of an increasing trend for men and women in the
severity of disability as measured by the number of functional
difﬁculties. Birth-cohort trends in FDs are SES related and SES in-
equalities in FDs have increased among successive cohorts of non-
institutionalised older people.
Looking ahead, increasing life expectancy and the ageing of
the baby-boomer generation means the over-65 UK population is
projected to increase from around 10 million observed in 2010 to
about 17 million in 2035 (Ofﬁce for National Statistics, 2011). If
the SES-differential trends in FDs observed in our study continue,
we will see an expansion of disability among older people from








the FRS survey from 2002/3e2011/12. Unweighted sample size: 52,229 women and
Table 4





65e69 70e74 75e79 80+
Functional disability SES indicator Functional
disability
SES indicator Functional disability SES indicator Functional disability SES indicator
Prevalencea Severityb Educationc Incomed Home-
ownership
(%)
Prevalencea Severityb Educationc Incomed Home-
ownership
(%)
Prevalencea Severityb Educationc Incomed Home-
ownership
(%)
Prevalencea Severityb Educationc Incomed Home-
ownership
(%)
1924 e e e e e e e e e e 0.55 2.23 0.35 283.46 0.70 0.60 2.79 0.37 286.46 0.67
1925 e e e e e e e e e e 0.55 2.28 0.38 285.42 0.70 0.59 2.87 0.36 283.31 0.68
1926 e e e e e e e e e e 0.50 2.32 0.39 301.22 0.73 0.60 2.96 0.39 291.07 0.70
1927 e e e e e e e e e e 0.48 2.34 0.37 295.69 0.74 0.61 2.91 0.41 299.16 0.72
1928 e e e e e 0.44 2.22 0.36 286.53 0.77 0.47 2.37 0.40 305.15 0.75 0.61 2.87 0.39 308.43 0.74
1929 e e e e e 0.49 2.15 0.37 311.40 0.73 0.47 2.50 0.42 318.02 0.77 0.62 2.98 0.40 309.40 0.74
1930 e e e e e 0.40 2.13 0.39 318.15 0.77 0.48 2.56 0.43 331.82 0.78 0.62 2.84 0.42 313.55 0.75
1931 e e e e e 0.41 2.28 0.45 323.76 0.79 0.48 2.47 0.44 334.77 0.78 0.60 2.93 0.43 299.07 0.76
1932 e e e e e 0.43 2.14 0.44 319.71 0.78 0.48 2.58 0.48 335.58 0.80 0.63 3.01 0.45 329.87 0.78
1933 0.39 1.94 0.60 353.00 0.78 0.39 2.30 0.59 338.21 0.79 0.46 2.64 0.60 340.80 0.79 e e e e e
1934 0.36 2.03 0.83 328.56 0.79 0.41 2.44 0.85 333.79 0.80 0.45 2.70 0.87 351.90 0.81 e e e e e
1935 0.37 2.14 0.88 340.19 0.79 0.40 2.38 0.88 351.87 0.80 0.41 2.49 0.88 335.13 0.79 e e e e e
1936 0.35 2.30 0.91 354.11 0.80 0.40 2.44 0.90 353.13 0.80 0.42 2.42 0.88 344.85 0.83 e e e e e
1937 0.36 2.19 0.92 367.81 0.81 0.40 2.57 0.91 347.47 0.81 0.42 2.62 0.92 351.38 0.82 e e e e e
1938 0.36 2.23 0.93 393.31 0.81 0.40 2.48 0.91 356.63 0.81 e e e e e e e e e e
1939 0.35 2.39 0.93 381.99 0.81 0.38 2.46 0.93 362.13 0.81 e e e e e e e e e e
1940 0.34 2.38 0.94 386.78 0.81 0.37 2.33 0.94 353.50 0.79 e e e e e e e e e e
1941 0.33 2.46 0.94 395.87 0.80 0.35 2.21 0.95 358.50 0.79 e e e e e e e e e e
1942 0.32 2.45 0.95 413.92 0.82 0.34 2.55 0.97 411.81 0.84 e e e e e e e e e e
1943 0.32 2.45 0.95 406.14 0.81 e e e e e e e e e e e e e e e
1944 0.29 2.48 0.96 441.57 0.81 e e e e e e e e e e e e e e e
1945 0.31 2.45 0.96 421.56 0.81 e e e e e e e e e e e e e e e
Tests for Stationarity
(p-values)
ADF 0.99 0.16 0.62 0.75 0.04 0.99 0.53 0.52 0.89 0.59 0.81 0.48 0.97 0.66 0.27 0.65 0.00 0.99 0.01 0.86
PP 0.53 0.03 0.09 0.88 0.03 0.72 0.53 0.71 0.93 0.79 0.53 0.47 0.97 0.65 0.52 0.66 0.01 0.99 0.95 0.88
Source: Weighted data on 65+ respondents born between 1924 and 1945, interviewed in the FRS survey from 2002/3e2011/12. Unweighted sample size: 52,229 women and 44,504 men.
a Notes: % of people reporting at least one FD.
b Number of FDs reported amongst those who reported at least one FD.
c % of individuals reporting post-compulsory school.
d Equivalised pre-disability beneﬁt household income (£ pw, 2012 prices). See text for the income deﬁnition.We tests for time-trends in the data using both the Augmented DickeyeFuller (ADF) and the PhillipsePerron (PP) tests (null
hypothesis of a unit root) with two lagged difference terms included in the covariate lists. Experiments with fewer or more lags in the augmented regression yield similar conclusion.
Table 5
Estimates of the zero-inﬂated negative binomial model of the number of FDs.
Model A Model B
Women Men Women Men
Odds-ratio IRR Odds-ratio IRR Odds-ratio IRR Odds-ratio IRR
Age of adult last birthday 1.059*** 1.046*** 1.031*** 1.040*** 1.059*** 1.045*** 0.962*** 1.040***
Post-compulsory school 0.735*** 0.933*** 0.845*** 0.954*** 0.728*** 0.897*** 1.113*** 0.898***
household income (logarithm)a 0.783*** 1.02 0.543*** 1.003 1.206*** 1.138*** 0.917*** 1.091***
Home ownership 0.491*** 0.901*** 0.507*** 0.899*** 0.677*** 0.995 1.045 0.957
Scotland 1.007 1.018 0.946 1.026 1.007 1.019 0.975 1.025
Wales 1.594*** 1.041* 1.468*** 1.062** 1.594*** 1.041* 0.943** 1.060**
Northern Ireland 1.154*** 0.957** 0.962 0.967 1.146*** 0.958** 1.029 0.971
Birth cohort 0.995 1.027*** 0.972*** 1.028*** 1.259*** 1.100*** 0.928*** 1.078***
Birth cohort* post-compulsory school 0.996 1.004* 0.994** 1.006**
Birth cohort* income 0.964*** 0.988*** 1.009*** 0.991***
Birth cohort* home ownership 0.971*** 0.989*** 1.007*** 0.993***
log over-dispersion coefﬁcient 2.604*** 1.840*** 2.682*** 1.904***
Observations 52,229 44,504 52,229 44,504
AIC 145,333 120,512 145,026 120,298
Log-likelihood 72647 60237 72488 60124
Notes:
a For deﬁnition of household income see text. Level of signiﬁcance: *p < 0.05, **p < 0.01, ***p < 0.001.
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sion between the state and the individual of the costs of care and
support for people with care needs, since low-SES people with
disabilities are less likely to have private ﬁnancial resources and
are thus more likely to be entitled to public provision of services
under the UK means-tested care system. Previous projections of
the public cost of long term care in the UK have not taken this
cohort trend into account (Karlsson et al., 2006; Pickard et al.,
2007; Wittenberg et al., 2011), and it could counteract other
trends, such as increases in home ownership, which underlie
recent projections of falling proportions of older people entitled
to public support.Fig. 2. Predicted number of FDs4.1. What this study adds
To assess the robustness of association between functional dif-
ﬁculties and SES and the presence of SES-related birth-cohort ef-
fects, we used three different indicators which enable us to quantify
the relative impact of each separate dimension of SES on functional
disability. As far we are aware, this is the ﬁrst study that has
documented signiﬁcant diverging birth-cohort trends among high
and low socioeconomic groups for the UK, controlling jointly for
individual's level of education, income and home-ownership. We
found that the statistical signiﬁcance of the interactions of birth
cohort and current income are greater than those of theby cohort of birth and SES.
M. Morciano et al. / Social Science & Medicine 136-137 (2015) 1e98interactions with educational attainment, in particular for women.
Identifying the driving forces behind changes in the prevalence of
functional disability is important for deﬁning preventive strategies
and making projection about the possible future costs of the public
system of care and support for older people with care needs.
4.2. Strengths and limitations of the study
The study pooled ten repeated cross-sections to estimate SES-
speciﬁc cohort trends in functional difﬁculties in the older UK
population. The FRS has a large sample size and is representative at
the national level, so it is well suited for making inferences about
the population of older people living in private households in the
UK. Its detailed income information makes it a valuable data source
for studying the SES gradient in functional difﬁculties. In contrast to
other health-related surveys commonly used in the analysis of SES-
related health inequality, it enabled us to construct an income
measure which excludes a component (cash disability beneﬁt)
which is a major source of spurious correlation with disability. This
improves the validity of our income indicator of social position.
Our statistical approach exploited data on the number of func-
tional difﬁculties, avoiding the common practice of collapsing
count data to a few categories or a dichotomous variable and using
ordinal or binary regression analysis, with a consequent waste of
information and dilution of statistical power (Gardner et al., 1995).
Nevertheless, there are some limitations. First, the cross-
sectional nature of the data impedes causal inference, although
our estimates provide information about the factors and trends
associated with FDs, without limiting the analysis to a speciﬁc view
of the chain of causality.
Second, our FD severity index is necessarily zero for those who
did not report LSI or who did not attribute their FD to LSI. Thus our
disability measure is likely to exclude short-term FDs and disabil-
ities which respondents do not consider to cause signiﬁcant FDs.
Any differences across cohorts in reporting LSI or in perceived FDs
conditional on reporting an LSI could affect the interpretation of
our ﬁndings. To investigate this further, we used a probit model
with sample selection, ﬁnding that the probability of reporting LSI
was not associated with birth cohort for women (p¼ 0.207) or men
(p ¼ 0.438) in contrast with a declining birth-cohort trend in the
probability of being free of FD (odds-ratio 0.976 for women and
0.987 for men, p < 0.001) conditional on reporting LSI, so this
possible limitation of the FRS design does not appear to have a large
impact.
Third, our data cover only the private household population.
Some of the most severely disabled people live in care homes and
there is evidence that some aspects of socioeconomic advantage
(e.g. home-ownership) reduce the risk of care home entry (Hancock
et al., 2002). If there were a substantial decrease in the proportion
of the older population in care homes, it would partly explain the
trends reported here. However, comparison of the 2001 and 2011
Census of the UK population shows that the (small) percentage of
people over 65 resident in ‘medical and care’ establishments fell
only very slightly from 3.8% to 3.3% (calculated from 2001 to 2011
Census data of Scotland, Northern Ireland, England and Wales).
Even if all of this reduction consisted of low SES individuals, it
would explain only a very small part of the trends we ﬁnd for the
household population.
Fourth, to protect conﬁdentiality, the age of FRS respondents
was top coded at 80þ, preventing us from extending the analysis to
those born before 1924.
Fifth, despite its other advantages, the FRS does not collect in-
formation on speciﬁc diseases and associated risk factors needed to
understand the reasons for the observed birth-cohort trends.
Finally, as in many other studies, the analysis relies on thereliability of self-reported disability. In the absence of objective
measures of disability or anchoring vignettes (d’Uva et al., 2011;
King et al., 2004) we are not able to investigate the possibility
that SES differences in reporting disability have changed across
birth cohorts.
5. Conclusion
This study shows that birth-cohort trends in functional difﬁ-
culties among older people in the UK born between 1924 and 1945
have been diverging by socio-economic status: a stable or slightly
declining cohort trend was observed for high SES, while a clear
upward disability trends was found among low SES individuals.
These divergent trends have generally been neglected in pro-
jections of the division of future social care costs between the in-
dividual and the state. Our results are strengthened by being based
on analysis which used three different indicators of SES including
an appropriately constructed income measure made possible by
the comprehensive recording of income components in our data
source. Further research is needed to understand the causes and to
propose appropriate interventions.
Acknowledgements
This research was supported by the Economic and Social
Research Council (grant no. ES/K003852/1: “Disability and care
needs in the older population: disability beneﬁts, social care and
well-being”). Data from the Family Resources Survey (FRS) are
made available via the Department of Work and Pensions through
the UK Data Archive. Material from the FRS is Crown Copyright and
has been used by permission. The collectors of the data and the
UKDA bear no responsibility for the analysis or interpretations
presented here.
References
Adda, J., Chandola, T., Marmot, M., 2003. Socio-economic status and health: cau-
sality and pathways. J. Econ. 112, 57e63.
Al-Baghal, T. (Ed.), 2014. Understanding Society Innovation Panel Wave 6: Results
from Methodological Experiments. University of Essex: Understanding Society
Working Paper No. 2014e04, 74 pages, available at: https://www.
understandingsociety.ac.uk/research/publications/working-paper/
understanding-society/2014-04.pdf.
Altman, B.M., 2001. Disability Deﬁnitions, Models, Classiﬁcation Schemes, and Ap-
plications. Handbook of Disability Studies, pp. 97e122.
Alwan, N., Wilkinson, M., Birks, D., Wright, J., 2007. Do standard measures of
deprivation reﬂect health inequalities in older people? J. Public Health Policy
28, 356e362.
Burniaux, J.-M., Dang, T.-T., Fore, D., F€orster, M., d'Ercole, M.M., Oxley, H., 1998. In-
come Distribution and Poverty in Selected OECD Countries. OECD Economics
Department Working Papers. No. 189.
Cameron, A.C., Trivedi, P.K., 2010. Microeconometrics Using Stata, Revised Edition.
Stata Press.
Colombo, F., Llena-Nozal, A., Mercier, J., Tjadens, F., 2011. OECD Health Policy Studies
Help Wanted? Providing and Paying for Long-Term Care. OECD Publishing.
Comas-Herrera, A., Wittenberg, R., Pickard, L., 2010. The long road to Universalism?
recent developments in the ﬁnancing of Long-term care in England. Soc. policy
& Adm. 44, 375e391.
Costa-Font, J., 2008. Housing assets and the socio-economic determinants of health
and disability in old age. Health Place 14, 478e491.
Crimmins, E.M., 2004. Trends in the health of the elderly. Annu. Rev. Public Health
25, 79e98.
Crimmins, E.M., Hayward, M.D., Hagedorn, A., Saito, Y., Brouard, N., 2009. Change in
disability-free life expectancy for Americans 70-years-old and older. Demog-
raphy 46, 627e646.
Crimmins, E.M., Kim, J.K., Sole-Auro, A., 2011. Gender differences in health: results
from SHARE, ELSA and HRS. Eur. J. Public Health 21, 81e91.
d’Uva, T.B., Lindeboom, M., O'Donnell, O., Van Doorslaer, E., 2011. Slipping anchor?
testing the vignettes approach to identiﬁcation and correction of reporting
heterogeneity. J. Hum. Resour. 46, 875e906.
Deaton, A., 2002. Policy implications of the gradient of health and wealth. Health
Aff. 21, 13e30.
Department for Work and Pensions, 2013. Households below Average Income: An
Analysis of the Income Distribution 1994/95 -2011/12. Department for Work
M. Morciano et al. / Social Science & Medicine 136-137 (2015) 1e9 9and Pensions, London.
(various years). Family Resources Survey. London: Department for Work and
Pensions.
Duncan, O.D., 1961. Occupational components of educational differences in income.
J. Am. Stat. Assoc. 56, 783e792.
Feinstein, J.S., 1993. The relationship between socioeconomic status and health: a
review of the literature. Milbank Q. 71, 279e322.
Freedman, V.A., Crimmins, E., Schoeni, R.F., Spillman, B.C., Aykan, H., Kramarow, E.,
et al., 2004. Resolving inconsistencies in trends in old-age disability: report
from a technical working group. Demography 41, 417e441.
Freedman, V.A., Martin, L.G., 1999. The role of education in explaining and fore-
casting trends in functional limitations among older Americans. Demography
36, 461e473.
Freedman, V.A., Martin, L.G., 2000. Contribution of chronic conditions to aggregate
changes in old-age functioning. Am. J. Public Health 90, 1755.
Freedman, V.A., Spillman, B.C., Andreski, P.M., Cornman, J.C., Crimmins, E.M.,
Kramarow, E., et al., 2013. Trends in late-life activity limitations in the United
States: an update from ﬁve national surveys. Demography 50, 661e671.
Gardner, W., Mulvey, E.P., Shaw, E.C., 1995. Regression analyses of counts and rates:
Poisson, overdispersed Poisson, and negative binomial models. Psychol. Bull.
118, 392e404.
Gjonca, E., Tabassum, F., Breeze, E., 2009. Socioeconomic differences in physical
disability at older age. J. Epidemiol. Community Health 63, 928e935.
Gleckman, H., Fund, C., 2010. Long-term Care Financing Reform: Lessons from the
US and Abroad. Commonwealth Fund Washington, DC.
Goldman, N., 2001. Inequalities in health: disentangling the underlying mecha-
nisms. In: Weinstein, A., Hermalin, M. (Eds.), Strengthening the Dialogue be-
tween Epidemiology and Demography. Annals of the New York Academy of
Sciences, New York, pp. 118e139.
Grundy, E., Holt, G., 2001. The socioeconomic status of older adults: how should we
measure it in studies of health inequalities? J. Epidemiol. Community Health 55,
895e904.
Hancock, R., Arthur, A., Jagger, C., Matthews, R., 2002. The effect of older people's
economic resources on care home entry under the United Kingdom's long-term
care ﬁnancing system. J. Gerontol. Ser. B, Psychol. Sci. Soc. Sci. 57, S285eS293.
Hancock, R., Morciano, M., Pudney, S., Zantomio, F., 2015. Do household surveys give
a coherent view of disability beneﬁt targeting? A multi-survey latent variable
analysis for the older population in Great Britain. Journal of the Royal Statistical
Society. Ser. A, Statistics Soc. http://dx.doi.org/10.1111/rssa.12107.
Hancock, R., Pudney, S., 2014. Assessing the distributional impact of reforms to
disability beneﬁts for older people in the UK: implications of alternative mea-
sures of income and disability costs. Ageing Soc. 34, 232e257.
Jarvis, C., Tinker, A., 1999. Trends in old age morbidity and disability in Britain.
Ageing Soc. 19, 603e627.
J€ackle, A., Pudney, S.E., 2015. Survey Response Behaviour and the Dynamics of Self-
reported Health and Disability: An Experimental Analysis. University of Essex:
Understanding Society Conference Paper.
Karlsson, M., Mayhew, L., Plumb, R., Rickayzen, B., 2006. Future costs for long-term
care: cost projections for long-term care for older people in the United
Kingdom. Health Policy 75, 187e213.
Kasparova, D., Marsh, A., Wilkinson, D., 2007. The Take-up Rate of Disability Living
Allowance and Attendance Allowance. Department for Work and Pensions,
London. Feasibility Study (Research Report No 442).
King, G., Murray, C.J., Salomon, J.A., Tandon, A., 2004. Enhancing the validity and
cross-cultural comparability of measurement in survey research. Am. Political
Sci. Rev. 98, 191e207.
Knesebeck, O.v.d., Lüschen, G., Cockerham, W.C., Siegrist, J., 2003. Socioeconomic
status and health among the aged in the United States and Germany: a
comparative cross-sectional study. Soc. Sci. & Med. 57, 1643e1652.
Kunst, A.E., Bos, V., Lahelma, E., Bartley, M., Lissau, I., Regidor, E., et al., 2005. Trends
in socioeconomic inequalities in self-assessed health in 10 European countries.
Int. J. Epidemiol. 34, 295e305.
Lambert, D., 1992. Zero-inﬂated poisson regression, with an application to defects inmanufacturing. Technometrics 34, 1e14.
Lawton, P.M., Lawrence, R.H., 1994. Assessing health. In: Powell Lawton, M.,
Teresi, J.A. (Eds.), The Annual Review of Gerontology and Geriatrics. Springer
Publishing Company, pp. 23e56.
Martelin, T., 1994. Mortality by indicators of socioeconomic status among the
ﬁnnish elderly. Soc. Sci. & Med. 38, 1257e1278.
Martin, L.G., Freedman, V.A., Schoeni, R.F., Andreski, P.M., 2010. Trends in disability
and related chronic conditions among people ages ﬁfty to sixty-four. Health Aff.
29, 725e731.
Martin, L.G., Schoeni, R.F., Andreski, P.M., Jagger, C., 2012. Trends and inequalities in
late-life health and functioning in England. J. Epidemiol. Community Health 66,
874e880.
Mazzaferro, C., Morciano, M., Savegnago, M., 2012. Differential mortality and
redistribution in the Italian notional deﬁned contribution system. J. Pension
Econ. Finance 11, 500e530.
Morciano, M., Hancock, R., Pudney, S., 2014. Disability costs and equivalence scales
in the older population in Great Britain. Rev. Income Wealth. http://dx.doi.org/
10.1111/roiw.12108.
Mullahy, J., 1986. Speciﬁcation and testing of some modiﬁed count data models.
J. Econ. 33, 341e365.
Murray, C.J., Chen, L.C., 1992. Understanding morbidity change. Popul. Dev. Rev.
481e503.
OECD, 2011. Divided We Stand: Why Inequality Keeps Rising. OECD Publishing,
Paris.
Ofﬁce for Budget Responsibility, 2013. Fiscal Sustainability Report.
Ofﬁce for National Statistics, 2011. National Population Projections, 2010-Based
Statistical Bulletin.
Oksuzyan, A., Crimmins, E., Saito, Y., O'Rand, A., Vaupel, J.W., Christensen, K., 2010.
Cross-national comparison of sex differences in health and mortality in
Denmark, Japan and the US. Eur. J. Epidemiol. 25, 471e480.
Pickard, L., Comas-Herrera, A., Costa-Font, J., Gori, C., di Maio, A., Patxot, C., et al.,
2007. Modelling an entitlement to long-term care services for older people in
Europe: projections for long-term care expenditure to 2050. J. Eur. Soc. Policy
17, 33e48.
Robine, J.-M., Jagger, C., Mathers, C.D., et al., 2003. Determining Health Expec-
tancies. Wiley Online Library.
Schoeni, R.F., Liang, J., Bennett, J., Sugisawa, H., Fukaya, T., Kobayashi, E., 2006.
Trends in old-age functioning and disability in Japan, 1993e2002. Popul. Stud.
(Camb) 60, 39e53.
Schoeni, R.F., Martin, L.G., Andreski, P.M., Freedman, V.A., 2005. Persistent and
growing socioeconomic disparities in disability among the elderly: 1982e2002.
Am. J. Public Health 95, 2065e2070.
Smith, J.P., Kington, R., 1997. Demographic and economic correlates of health in old
age. Demography 34, 159e170.
Sulander, T., Martelin, T., Sainio, P., Rahkonen, O., Nissinen, A., Uutela, A., 2006.
Trends and educational disparities in functional capacity among people aged
65e84 years. Int. J. Epidemiol. 35, 1255e1261.
WHO, 2002. Towards a Common Language for Functioning, Disability and Health:
ICF: World Health Organisation.
WHO, 2011. World Report on Disability. World Health Organization, Geneva,
Switzerland.
WHO, 2014. Review of Social Determinants and the Health Divide in the WHO
European Region: Final Report. WHO Regional Ofﬁce for Europe, Copenhagen.
Wittenberg, R., Hu, B., Hancock, R., Morciano, M., Comas-Herrera, A., Malley, J., et al.,
2011. Projections of Demand for and Costs of Social Care for Older People in
England, 2010 to 2030, under Current and Alternative Funding Systems. PSSRU,
London, UK. PSSRU discussion paper, 2811/2.
Zaninotto, P., Falaschetti, E., 2011. Comparison of methods for modelling a count
outcome with excess zeros: application to Activities of Daily Living (ADL-s).
J. Epidemiol. Community Health 65, 205e210.
Zaninotto, P., Nazroo, J., Banks, J., 2010. Trends in disability. In: Banks, J., Lessof, C.,
Nazroo, J., Rogers, N., Stafford, M., Steptoe, A. (Eds.), Financial Circumstances,
Health and Well-being of the Older Population in England, p. 254, 7.
